PROPELLANT SLOSH
COUPLING WITH BENDING




HREC-1485-2
LMSC/HREC D149410

LOCKHEED MISSILES & SPACE COMPANY
HUNTSVILLE RESEARCH & ENGINEERING CENTER
HUNTSVILLE RESEARCH PARK

4800 BRADFORD BLVD., HUNTSVILLE, ALABAMA

PROPELLANT SLOSH
COUPLING WITH BENDING

FINAL REPORT

Decemer 1969

Contract NAS8-21485

by
G. C. Feng
D, L. Grady

APPROVED BY: ﬂ?f] %ﬁv

" A. M. Ellison, Supervisor
Structural Engineering Section

D. McDonald, Manager
Structures & Mechanics Dept.

I Tt stror

J. S, Farrior
esident Director




LMSC/HREC D149410

FOREWORD

This document presents a final report of a research pro-
gram (Contract NAS8-21485) performed by Lockheed's Huntsville
Research & Engineering Center (Lockheed/Huntsville), for NASA-
Marshall Space Flight Center (NASA/MSFC).

Technical supervisor and coordinator of the contract were

R. S. Ryan and H. J. Buchanan, respectively, both of the Aero-
Astrodynamics Laboratory, NASA/MSFC.
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SUMMARY

A new approach which employs the combined system modes instead of
the bending and slosh modes separately in formulating the ma_.i:hematicai
model of a liquid propellant vehicle is used to simulate the atmospheric
flights of the Saturn V vehicle. The model includes two rigid-body motions,
four system bending modes and a control system with high-order control
dynamics. The aerodynamic forces, thrust, gravitational field and vehicle
vibrational characteristics which are functions of flight time are represented
by 21 time-varying coefficients, Propellant slosh forces and slosh ampli-

tudes may be calculated after the responses of the vehicle are obtained.

An associated hybrid computer program was developed. The program
uses the analog computer to perform the numerical integration of the system
and the digital computer to compute and store the response parameters of
the system when subjected to a large ensemble of wind samples. At the end
of the first passage of the program, the mean values of the response param-
eters are calculated. The statistics of the wind and vehicle response are

computed in the second passage of the program.

For an ensemble of 970 tape winds, the program takes less than five
minutes of EAI 8900 hybrid computer time to provide the above data for
Saturn V during its first 90 seconds of flight, The excellent computational
speed suggests that the Monte Carlo hybrid simulation method is an effective

and economic technique for conducting preliminary vehicle design studies,
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NOMENCLATURE

attitude feedback control coefficient, rad/rad
attitude rate feedback control coefficient, rad/rad/sec

attitude coefficient associated with angle of attack,
l/sec2

attitude coefficient associated with engine deflection
angle, l/sec2

attitude coefficient associated with the i system

bending mode, l/secZ

i h system bending coefficient associated with engine

deflection angle, rn/sec2

ith system bending coefficient associated with angle of
attack, m/sec

lateral motion coefficient associated with attitude,
m/secz

lateral motion coefficient associated with angle of
attack, m/secz

lateral motion coefficient associated with engine deflec-
tion angle, m/sec:2

bending moment coefficient due to aerodynamic force
at station 25, N-m/rad

bending moment coefficient due to aerodynamic force
at station 90, N-m/rad

bending moment at station 25, N-m
bending moment at station 90, N-m

bending moment coefficient due to engine deflection at
station 25, N-m/rad
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NOMENCLATURE (Continued)

bending moment coefficient due to engine deflection at

station 90, N-m/rad

ith system bending moment coefficient at station 25,
2

N—m/m/sec

ith system bending moment coefficient at station 90,

2
N-m/m/sec
rotational acceleration coefficient associated with nth
beam and ith system bending mode, dimensionless

slosh coefficient associated with kth tank and ith system
bending mode, dimensionless

th

lateral acceleration coefficient associated with n~ beam

.t . . .
and i h system bending mode, dimensionless

vehicle velocity, m/sec
wind velocity, m/sec

slope at gyro point due to the ith system bending mode,
1/m

sl/ope at rate gyro due to the ith system bending mode,
1/m

vehicle lateral displacement, m

angle of attack, rad
th .
n  beam lateral acceleration, rn/sec

engine deflection angle, rad
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NOMENCLATURE (Continued)

slosh amplitude at kth tank wall, m

damping ratio of the ith system bending mode,
dimensionless

ith system bending mode coordinate, m

nth beam rotational acceleration, rad/sec2

first slosh mode coordinate associated with klc

ith system bending mode frequency, rad/sec

vii
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tank, m
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Section 1

INTRODUC TION

To simulate the atmospheric flights of a liquid propellant space vehicle,
the dynamics of the propellant are traditionally represented by a mass-spring-
dashpot system (Refs. 1, 2 and 3). In the case of Saturn V, the mathematical
model of the vehicle is limited to a dynamic system which consists of about
10 second-order ordinary differential equations, The improsed restriction
is due to the capacity of a hybrid computer or the excessive computer time
which may be required for a digital simulation. Consequently, only the dy-
namics of the propellant in three of the six tanks of the vehicle can be taken
into account. The rest of the propellant is assumed to be solid masses
attached to the vehicle. The model represents the vehicle adequately during
liftoff; however, in the second half of the first-stage flight, propellant levels
will decrease in height, and a proper description of the dynamic behavior of
the propellant may require that higher slosh modes be considered. Further-
more, the propellant which was taken as solid masses may have a larger
share in the contribution to the dynamics of the vehicle than the sloshing

propellant,

Lockheed/Huntsville has introduced a system mode approach in form-
ulating the mathematical model of a large complex liquid propellant space
vehicle, The method uses the Liagrange equation for solving a coupled elas-
tic and fluid system which characterizes a liquid propellant vehicle (Ref. 4).
The modeling of a vehicle now considers the system bending modes instead
of the bending modes and slosh modes of a vehicle. As a consequence, the
dynamics of the liquid propellant will always be taken into account and the
size of the mathematical model will be smaller than that obtained from the

conventional approach.
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After the mathematical model of a vehicle is adopted, the statistical
response of the vehicle can be obtained analytically as well as numerically
(Refs.2, 3 and 5). Also, depending on the required accuracy, computation
time, capability of the computer and the complexity of the model, the atmo-
spheric flights of a vehicle can be simulated on an analog, digital or hybrid
computer. Presently, the following four methods may be used for flight

simulations (Ref. 6):

Monte Carlo hybrid simulation,
Monte Carlo digital simulation,

State Space method and

B W N =

Sampling Model method.

Although a judicious choice among the methods is controversial, the Speed

of the analog computation in performing the repetitive numerical integrations
of a dynamic system suggests that hybrid simulation is definitely a good and
economical method for conducting the preliminary design studies of a vehicle,
The objective of this research effort is to show the feasibility of using the
system mode approach in formulating mathematical models and of using

hybrid flight simulations for Saturn V or future non-beamlike space vehicles.
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Section 2

MONTE CARLO SIMULATION METHOD

To ensure a successful launch of a space vehicle, the vehicle must be
designed for all possible wind disturbances encountered during its atmo-
spheric flight. Since the wind field is of a random nature and is difficult to
define, a statistical approach should be used to determine the dynamic re-
sponse of a vehicle to wind disturbances. One of the statistical approaches
which is currently used in flight simulations is called the Monte Carlo
simulation method (Ref. 6). The method employs the fast computational
speed and unlimited storage spaces of modern computers to simulate the
passage of a vehicle through a large number of recorded wind profiles. The
statistics of the vehicle response are computed from the ensemble of the
calculated responses. Depending on the required accuracy, computational
time and the éomplexity of a mathematical model, the method can be executed

on a digital computer or a hybrid computer.

In general, the digital simulation provides good accuracy and, virtually
no limitation on the size of a mathematical model, However, its application
to dynamic statistical response studies is often prohibited by the excessive
computer time which is needed in performing the repetitive numerical integra-
tions of a system. In case an additional system mode or a nonlinear mathe-
matical model needs to be considered, computational time will increase
drastically, Fortunately, in preliminary design or parametric studies, the
accuracy of the vehicle response becomes less critical if the simulation can
show the basic characteristics of the system properly, In addition, the com-
putational speed of an analog computer will not be affected if nonlinear mathe-
matical models are considered, Hence, hybrid simulation may be used to
obtain the statistical response of a dynamic system. Since the size of a hybrid

simulation program often needs to be reduced to suit the capacity of a hybrid
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computer,engineering judgment will play a major role in the modeling of a
complex vehicle, The conclusion of this study is that digital simulation may
be employed for spot checks of a dynamics analysis. Hybrid simulation should

be used to conduct preliminary vehicle design studies.
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Section 3
MATHEMATICAL MODEL

The system mode approach is used to model the Saturn V vehicle, An
associated hybrid computer program was developed to compute the statisti-
cal response of the vehicle to 970 tape wind disturbances. In order to pro-
vide a good quantitative study and, at the same time, to accommodate the
hybrid computer program in the Lockheed/Huntsville computer, engineering
judgment and compromises among accuracy, computational speed and other
considerations were made in formulating the following mathematical model
of Saturn V. The model includes two rigid-body motions, four system
bending modes and a control system with high-order control dynamics. Data
used in the simulation were obtained from different sources. Approxima-
tions and extrapolations were also employed to define some of the vehicle
parameters. Data related to the aerodynamic forces, thrust, nominal tra-
jectory, gravitational field and the wind tape were obtained from Ref. 3 and
R. S. Ryan of the Dynamics & Control Division, Aero-Astrodynamics Labo-
ratory, MSFC. Vehicle bending and sloshing data were generated from the
Tandem Beam-Slosh Computer Program developed under this contract
(Ref. 4).

The equations of motion of the model are given below. Further dis-

cussions of these equations can be found in Refs. 2 and 7.

. \%
-d - L 4 WY
m m
¥ =K ¢ +K,a+KyBp (2)
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4

§ =Cra+CuBp+ D cymy (3)
i=1

. .2 -

My = "25;0; My -0y My F Dyt ey By (4)

(i=1,2,3,4)

Notations used in Eqgs. (1) through (4) are defined below. Numerical data of
the coefficients are given in Figs. A-1 through A-9 and Table A-1 of Appen-
dix A, Wind samples which have been converted as functions of flight time

are provided for the simulation through an analog wind tape.

o = angle of attack

Bp = engine deflection angle

§i = damping ratio of the ith system bending mode
.th . .

ng =i system bending mode coordinate
.th .

Wy = 17 system bending mode frequency

o) = attitude angle

Cl = attitude coefficient associated with angle of attack

CZ = attitude coefficient associated with engine deflection angle

Cq; = attitude coefficient associated with the ith system bending
mode :

Cp; = ith system bending coefficient associated with engine
deflection angle

D = ith system bending coefficient associated with angle of attack
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K1 = latcral motion coefficient associated with attitude
KZ = lateral motion coefficient associated with angle of attack
K3 = lateral motion coefficient associated with engine deflection
angle
v = vehicle velocity
m
v = wind velocity
w
vy = vehicle lateral displacement

The control system of the model is

4 A . .
B = T(B ) {a F () [¢ £ (Y'G)ini] ta; F(?) [¢ + (Y'R)i*"i] ()
i=1 i=1
where
T(Bc) = 2 : 2 7
5 L+ 2(0.434)s | 1J [ s + 2(0.594)s 1]
(34.48)2 34.48 (84.09)2 84.09
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where s denotes the Laplace operator and

Po = 0,60051 qo =1.0
p; = 0.055535 q, = 0.24335
-3 -3
p, = 3.7209 x 10 q, = 8.2079 x 10
-3
qy = 0.090539 x 10
sk sk
P, = 0.99253 q, = 1.0
E3 %k
p, =0.014998 q, = 0.62648
B3 %
p, = 0.011931 q, = 0.12300
2
] -3 * -3
p, = 0.099515 x 10 q; = 8.7553 x 10
sk -3 sk -3
p, =0.021996 x 10 q, = 0.20157 x 10
6

ay =1.9072 x 10°

Functions T(BC), F($) and F(é) are the engine command, attitude and attitude
rate transfer functions of the system, respectively. The coefficients a2y
(Y‘G)i and (Y'R)i are the attitude gain, attitude rate gain, slope at gyro point
associated with it system bending mode and slope at rate gyro associated
with ith system bending mode, respectively. Their numerical values are
given in Table A-1 of Appendix A. The above control system was modified
by Ryan. Detailed discussion and additional references on the control system

can be found in Ref. 8.

The bending moments at stations 25 and 90 of Saturn V are calculated

from Egs. (6) and (7), respectively (Ref, 2).
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Mp(25,1) = M! (25,1) a + My (25,1) B

4
+ Z [M;,’.(zza,t)]_ i, (6)

i=1 :

MB(9O, ty = M;x(90, t) o+ M'6 (90, t) Br

4
+ Z [M;7 (90, t)]i i, (7)

i=1

where

M' (25, t), M' (90,t) = bending moment coefficients due to aerodynamic
force at stations 25 and 90, respectively.

M' (25,t), M'_ (90, t) = bending moment coefficients due to engine deflec-
B B tion at stations 25 and 90, respectively.

[ h(ZS, t):!i , {Mh(‘)O, t)] ;= ith system bending moment coefficients

at stations 25 and 90, respectively,
Their values are presented in Figs. A-10, A-11 and Table A-1 of Appendix A.

The free vibrational characteristics of Saturn V are found by modeling
the vehicle as a series of four beams (Fig. 1l). The deflection of each beam
is described by four fundamental deflection functions. The dynamics of the
liquid propellant contained in each tank is represented by its first slosh mode.
Bending properties of the vehicle are obtained from the NASA/MSFC Stodola

tape. Slosh modes and frequencies of the liquid propellant contained in the
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Saturn V tanks are calculated from the Lomen program (Ref.9). Conse-
quently, the generalized coordinates of this system are five beam end dis-
placements, 16 fundamental beam deflection coefficients and six slosh

coefficients.

The system modes, frequencies and other quantities of the above
Saturn V model are computed from a Lockheed/Huntsville tandem beam

slosh program, developed under the same contract.

The first four system bending modes of Saturn V during its first 90
seconds of flight are selected as those shown in Figs. A-15 through A-20 of
Appendix A.

Slosh amplitudes and local accelerations are calculated from Egs. (8)

through (11) after the dynamic response of the vehicle is found.

4
6k = bk Z kil (8)
i=1
4
o= 7+ L b o
i=1
4
en =0t Poi M4 (10)
Ti=l
4
S1” ki M (11)
i=1

11
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where

b, = 0.5229, b, =0.5390, b3 = 0,5431,

0.6630

o
1

0.6020,

o
fi

0.6042, b

Notations used in Egs. (8) through {(11) are defined below, Numerical values

of the coefficients are given in Figs. A-12 to A-14 of Appendix A,

slosh amplitude at kth tank wall

6k =
th .

(O‘z)n = n beam lateral acceleration

én = nth beam rotational acceleration

gkl first slosh mode coordinate associated with kth tank

Sii " slosh coefficient associated with kth tank and ith system
bending mode

tni = lateral acceleration coefficients associated with nth
beam and ith system bending mode

Ppi = rotational acceleration coefficient associated with nth

beam and ith system bending mode

With the above information, the lateral slosh force distribution along the
vehicle longitudinal axis can be calculated, Detailed discussions and deriv-

ations of the system mode approach are given in Ref. 4,

12



LMSC/HREC D149410

Section 4

HYBRID COMPUTER PROGRAM

Lockheed/Huntsville has an inhouse EAI 8900 hybrid computer which
provides digital, analog and hybrid capabilities for solving complex engi-
neering and scientific problems. The digital computer is general purpose
with a high~speed 16K memory and a complete complement of software.
The analog computer performs parallel integration to obtain rapid solutions
to systems of differential equations in real time or faster. Special software
is used to program the hybrid interface, set up and check out simulation,

and debug programs.

A hybrid program based on the mathematical model defined in Section
3 was developed to simulate the atmospheric flights of Saturn V. The pro-
gram uses the analog computer to perform the repetitive numerical integra-
tion of the system and the digital computer to control prbgram logic while
calculating and storing the response parameters of the system. In order to
accommodate the model with the currently available equipment of the com-
puter, curve fitting was employed to approximate some of the time-~varying
coefficients, The program is designed to simulate the first 90 seconds of
the flight and to record the response parameters of the vehicle at every five
seconds of flight time without slowing down the analog computation. At the
end of the first passage of the program, the mean values of the vehicle re-
sponses are computed. Standard deviations of the response parameters are
computed in the second passage of the program. The number of exceedance
counts, envelopes and plots of certain response parameters are obtained
during the run., Consequently, the program will provide the following features

in a single run:

1. Response of an individual flight

2. Envelope of a response parameter

13
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3. Mean values and variances of response parameters
4, Number of exceedance counts for a response parameter

5. Statistics of the wind.

For an ensemble of 970 tape winds, the program takes less than five
minutes of EAI 8900 hybrid time to compute the above data for Saturn V
during its first 90 seconds of flight., The excellent execution speed obtained
in this study justifies the conclusion that the Monte Carlo hybrid simulation
technique is indeed an effective method for determining the statistical re-

sponse of a launch vehicle,

The wiring diagrams of the analog program are given in Appendix B,
A listing of the digital program is presented in Appendix C, Detailed dis-
cussions and additional references on hybrid computation can be found in
Refs. 10 and 11,

14
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Section 5

EXAMPLE — STATISTICAL RESPONSE OF SATURN V

The mathematical model defined in Section 3 was used to obtain the
response of the Saturn V vehicle to wind disturbances. Effort was made to
show that the system mode approach and hybrid simulation are good methods
for determining the statistical response of a liquid propellant space vehicle.
Additional parametric studies and improvement of the model are needed in

order to provide a good quantitative response study of Saturn V.

The developed hybrid program provides the following information:

l. .Tra(:(.es of BE, BC: o Vs MB (90:1:): MB(ZS:t)’ VW’ T)l’ nz’ T]3’ 1']4’
¢, F(P), ¢, F(P) and timing pulses;

2. Number of exceedance counts of B MB(90,t) and MB(ZS, t) through

comparators;

3. Number of exceedance counts of 6y 65 and 66 through digital com-

putation;

2
4, The mean values, ¢~ and 30 of BE’ MB(90,t), MB(ZS,t) and Vw’

where O denotes the standard deviation of a variable;

5. The mean values of ¢, ¢, 8y (az)n, Gn and gkl, where k = 1,2,...,
6 and n =1,2,3.

As an example, a model which includes the first three system bending modes
was used to compute the statistics of Saturn V to 970 tape winds. Output of

the hybrid program for the first 90 sec of flight was studied. Some of the

15
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results are presented below. The envelope of the 970 tape winds is shown in

Fig.2. The NASA/MSFC synthetic wind profile (Ref. 3) was used to check
out the program. Traces of the variables during this slow run are given in
Fig.4 provides "stretched-out" traces of the variables during fast

Fig. 3.
The scales of these traces are defined in

runs to tape wind disturbances,
Table A-2 of Appendix A, The mean values and 30 values of VW, BE’ MB

(90, t) and MB(ZS,t) are given in Fig. 5. Percentage of the number of ex-
ceedance counts of MB(9O,t), MB(25,5), 6k (k = 4, 5, 6) are given in Fig. 6.

16
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Fig.2 - Envelope of Tape Winds

17



LMSC/HREC D149410

BE

+
ot
ek T —— ot .
4 PR PR PR
-ttt

MB(go’t).,... II[|!¥

A M,
/ B
! T
M, (25, t i
B( ¥ ) J
LI 17T i
- & ;
- i
Vo 1 ,
bt o b e - e e e — + e ot
T T I
t—+ : i
Timing & |
- - + - -—-_.—' e -4 -
- B TR S
- 1- - e e L
i |

Fig. 3 - Traces of Variables of the Checkout Run

18



LMSC/HREC D149410

| AL T T T
1
I
4 , o5 4% 48
et~ F [
P LA il
‘ e mhs
T
1 A \
— ‘ -4 A
X :
+ _,
1
T
e
i
w . -+
- ]
Lot
[ i | T
4 1 +
Il | | T m |
j pf [
SR S _ / “ 4 by “ : :
S _m + b « i
iy : : .
Aol ! | I | 1 . ] H L 1
Aol | T + ' :
— . , N I i : ) T n
; i - 4k e [ - By - R I
— ! | } : H | L ! R - -
W RN ] madsnuiin ABEEREE
N B . B RN RN REDREA — et e
I R N A I N N - i . i1 ! . i . .

m

F(®)

F(®)

Fig. 3 - (Continued)

19



LMSC/HREC D149410

28 U N A
Bg T "
i A Y
BC : \ \ Vi
T
1
cld
[N ;
i = v L I AN
a NI\ by ] & /T ™ATN
—
i i T
y padil i $ Al
l. L
b &
- \ a A
MB(9O,t) i
[
H a A
I 1 A 7\
. il A\ 7 Y
Mg (25, 6) S A Ny AN ol [~
Bifasase j i /
N T 1 I ¥ i
R el 1 1/ |
v - ‘7";"‘\./ [ { v 7T [\ —
w L 1
bbb et = b ot —+ —
N T !
N B n _L
N _ﬁ ‘ 1 S
RpARS: S5x =k | SuESES
Timing * T ! 1 1 _ . L4 b
R O T 4 C T L1 1L
2y ARREE 1+ 1 =
EH } !Hf]l PITT I T TTirTlr L

Fig, 4 - Stretched Traces of the Variables During Fast Runs

20



LMSC/HREC D149410

T T
m + |Nn. = ;I@IL.L p
iqiw EERR.
i & d S {ERERNRNY;
\ &t _ R
] R O DUBN I R
| e
> 0 1 WO O
FOSS. NSO NN IO P OO WO
e L 3
—
EEREE

i
]

L\

foed”

FaN

———

|
il

AN

F(®)

t
I
P Tl

i _1 [ B P I S L.
i3 R D B H IS DRI I
1 1 .
T } : " 2 I
H < J~ w_' L t IO 2N SN R ,si.\_m).mr. e
i w R P PR T
1 1] IR - B S (Y " W
4 § —4— R P N . S
,M, i A e b 4} g
b : B R N O IR

o

Fig. 4 - {Continued)

21



LMSC/HREC D149410

80 Y T T 1 T 1 ¥ T T
o 60
(9]
w
~
&
>
o 40
S
)
>
o]
S 20
=
0 1 1 1 i i | i | i
40 50 60 70 80 90
Flight Time (sec)
.020 T I T T T T t | T
015

010

.005

Engine Deflection Angle (rad)

40 50 60 70 80 90
Flight Time (sec)

Fig. 5 - Statistics of the Tape Winds and Certain Response Parameters
of Saturn V

22



4 x 10

Bending Moment at Station 90 m
(N - m)

0
20
g
(Y}
o~
5 15
4
a8
m’-\
fﬁﬁ
- !
10
2
g
@]
=
o]
o
0]
m
0

x 10

LMSC/HREC D149410

rl

40

60 70
Flight Time (sec)

90

40

60 70
Flight Time (sec)

Fig. 5 (Continued)

23

90



LMSC/HREC D149410

a

o

8 0.20 T T T ] ¥ T T ¥

@)

[0} - -
9 Station 25

,‘3 Station 90

) 0.15 = “-
(]

9]

"

= =~ -
Gy

3]

v 0.10 -—
(]

0

E o L
3

Z

3 0.05 b -
(]

oo

3 - -
S -
0 0 1 ] i i 1 I 1 | 1

& 0 5 10 15 20 25

Bending Moments 3 My (90,t) x 1072 and
MB(ZS,t) x 10”8 (N - m)

n
4
o]
8 0.20 ¥ T I ¥ T ¥ I Y
O
) R -
S $-IC LOX Tank (8,)
@
T 0.15 -
(]
QO
W
[ - -
St
(]
- 0.10 f~ —
2 S-II LOX
= Tank (6 ,) -
3
E 4
T 0.05 -
[0
feTi]
© L -
)
=]
[
2 0 1 i i )
Y 0.0 0.02 0.04 0.06 0.08 0.10

Slosh Amplitudes (m)

Fig. 6 - Percentage of the Number of Exceedance Counts for the First
90 Seconds of Saturn V Atmospheric Flight

24



LMSC/HREC D149410

Section 6

CONCLUSIONS AND RECOMMENDATIONS

The advantage of using the system mode approach in formulating a
mathematical model of Saturn V for its atmospheric flight simulations was
demonstrated., Future space vehicles, such as space shuttles, will have non-
beamlike configurations. Based on the present preliminary designs, the
vehicle will carry a large amount of liquid propellant during its atmospheric
flight, In addition, a large number of structural modes must be included to
model the vehicle properly., The system mode approach is possibly the only
method which could provide a good mathematical model for flight simulations
on a computer, Also, this research effort has shown that the Monte Carlo
hybrid simulation technique is an excellent method in obtaining the statistical
response of a vehicle., It is an especially powerful method for conducting

preliminary design or parametric studies of a vehicle.

With the experience which has been obtained from various flight sim-
ulation studies of Saturn V (Ref, 6), one could carry the present state of art
one step further. For instance, additional research effort may be made in

the following areas,

1., The Sampling Rate of Hybrid Simulations: The wind tapes which

Lockheed/Huntsville and Computer Sciences Corporation (Ref, 3) used in the
hybrid and analog simulations, respectively, are functions of flight time.
This means that the atmospheric flights of a vehicle are simulated on a pre-
determined trajectory, It would be preferable for the wind tape to be a
function of altitude., Then, flight simulations could be perturbed on any
arbitrary nominal trajectory with the necessity of making only one wind tape.
Furthermore, if a nonlinear or an advanced mathematical model should be

used, the trajectory of a flight may be defined as a parameter which depends
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on both time and vehicle response. However, two problem areas need to be

resolved before the new wind tape can be used in a hybrid simulation:

e The wind data may have to be stored in the digital computer
and fed into the analog computer at discrete points during a
computer run, Delays due to the repetitive ADC and DAC

operations need to be studied.
e The sampling rate of a hybrid simulation must be defined
such that the high frequency components of the wind can be

properly presented.

2. Hybrid Simulation of Nonlinear Mathematical Models: Techniques

and programs developed for flight simulations have all been based on linear
mathematical models, The modeling of a vehicle often leads to non-
linear dynamic systems. Since the hybrid simulation is so fast, and non-
linear systems present no difficulty in analog computation, accurate solutions
may be obtained if nonlinear mathematical models can be also used in flight

simulations.

3. Sampling Model Method for Flight Simulations: The sampling

model method is a compromise between the methods of State Space and
Monte Carlo simulation (Ref, 5). In this method, a sampling model picks
winds from fhe wind sample population in accordance with its appropriate
probability distribution., The same statistics of the vehicle response may
be obtained by simulating the passage of a vehicle through only part of the
wind samples. Since each wind sample has its own time history, to define

a sampling model may be more complicated than solving the problems which
can be treated directly by applying the standard techniques of statistics
(Refs, 12 and 13)., However, this approach may eliminate the limitations
which are often encountered in other simulation techniques, such as accu-~

racy, capacity and execution time,
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VARIABLE SCALES

Variable (s) Unit/Division
B B¢ 0.00125
a 0.025

y 0.12
Mg (90, 1) 4x 10%
My (25, 1) 10°

v, 2

3 0.02

upP 0.01

N3 0.005
N4 0.003
%, F () 0.002
¢, F () 0.001
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Fig. B-2 - Analog Wiring Diagram (Attitude Angle)
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$J0OB
$FR LY

1000
1010
1030
1040
1050
1060
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IU1s 74003

LOGICAL INDIC

EXTENDED TITLE

REAL M9OXeM25X ¢ MOOB s+ M25B e MOOV s+ M25V e MO0 ¢ M25 4 MA2S5 +MASO + MBSO+ MIO03
1M253¢11B¢12B+ 138

DATALIOCTS/0 00377/

COMMON / BLOCK / 10CT8s19IERRsNMAX+NRMAX+NPASSINRUN INDICe ICHAN®

1 T1eT2sNsILOC

COMMON ADSCAL (16) +DASCAL(16) +BX(4)+DELGX(3)+DELSX(3) DELOEX(3} 9
11BX(4) e IMOOX(6) ¢ IM25X(6)+IDG(3)4IDS(3)ID6(3).BB(18)+AB(18)
2YDDB(18) +PHIZB(18) ¢+ VWB(18) s ATAIB(18) ATA2B(18)+ATA3B(18)¢ATA4B(18)
3e
4ATDIB(18)sATD2B(18)+ATD3B(18)ATD4B(18) «PHIB(18)+X11B(18)eX12B(18)
5.X138(18)¢X14B(18)'Xlsa(18)le6B(18)oDELlB(18)'DEL28(18)oDEL38(18)
6+DELAB(18)+DELSB(18) ¢DELEB(18) s BV(1I8).
TAVO18) ¢ VWV I18)+DACI8) JADC(16)+B(18)+A(18)+YDD(1B) PHIZ(18)PHI(18)
B8eATAL(18)vATA2(18)sATA3(18)+ATA4G(18)+ATD1(18)+ATD2(18)+ATD3(18)
SATOA{1B) s VW(1B)sDELA(18)+yDELS(18)+DELE(1I8)+I1IBX(4)s I1IMOOX(E) o
11IM2SX(6)+1IDA(3)011IDS(3)e1ID6(3)4B3(18)¢A3(18)+VWI(18)TITLE(20.
2S11(18)95S12(18)9S13(1831514(18)4521(18)+S22(18)+4523(18)+524(18)
3S31(18)¢S32(18)+533(18)9534(18)4541(18)4542(18)+4543(18)4544(18)+
4SS1(18)+552(18)¢S53(18)eS54(1B)4S61(18)¢5S62(18)+S63(18)4564(18)
ST11(18)eT12(18)9T13(18)9T14018)eT21(18)+T22(18)+T23(18)+T24(18)s
6T31(18)+T32(18)¢T33(18)9T34(18)P11(18)+P12(18)+P13(18)+sP14(18),
TP21(18)+P22(18)+P23(18)+P24(18)+P31(18)+P32(18)¢P33(18)+P34(18)
1:A21B(18)+A22B(18)+A2238(18)

COMMON .

1 MOOX(6) sM25X(6) sMIOB(18) yM25B(18) +MOOV(18) +M25V(18)«MO0(18) s
IM25(18) +MA2S5(18)+MADO (18) +MBOO(18) +MOO3(18) eM253(18) e
211B(18)+12B(18)+13B(18)

DATAIOCT8/0 00377/ VRANQO4O
FORMAT(21H+sCONSOLE ¢DISCONNECTED)

FORMAT (29H+NON-EXISTING COMPONENT REQ'D)

FORMAT(8110)

FORMAT(18H OVERFLOW DAC CHe 12)

FORMAT(27H NON-EXISTING DAC CHe REQtD)

FORMAT (24H MISSED BEGINNING OF RUN)
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1070 FORMAT(26H ERROR IN BLOCK ADDRESSING)
1080 FORMAT(18H OVERLOAD ADPC CHe 12)
1090 FORMAT(27H NON-EXISTING ADC CHe REQ!D)
1100 FORMAT(laH END OF PASS 1)
1110 FORMAT(20A4)
1150 FORMAT(1X9E14¢7/)
1160 FORMAT(1X9114)
1700 FORMAT(114+8E14+7)
C INPUT DATA
C INPUT A/D AND DrA SCALE FACTORS
14 READ 1110e(TITLE(I)e1=1+20)
CALL READ
C INITIALIZE ANALOG MODE AND START OF RUN INDICATOR
100 CALL QICO(1+4IERR)
IF (IERREQel1) GO TO 5
IF(IERREQe2)TYPE 1000
PAUSE '
GO TO 100
5 CONT INUE
C INPUT NOe. OF POINTS/RUN AND NOs OF RUNS
READ 1020¢NMAX e NRMAX
C SET INITIAL CONDITIONS
21 NPASS=1
1BX(13)=0
IBX(3)y=0
DO 8 I=14¢54¢2
IMOOX(1)=0
IM25X (1) =0
8 CONTINUE
DO 230 I=1+3
ID4¢1)=0
IDS(1)=0
1D6(1)=0
230 CONTINUE
DO 9 (=118
BB(I)=0e
AB(1)Y=0e
vwB(11=0,



40

16

ATA1IB(1)Y=0,
ATAZ2B(1)=0e
ATA3B(1)=0.
ATA4B(1)=0.
ATD1IB(1)=0s
ATD2B(1)=0,
ATD3B=0e
ATDaB=0e
YODB(1)=0,
PHIZB(1)=0,
PHIB(1)=04
CONT INUE
INITIAL CONDITION FOR PASS
I8X(2)=0
18X(4)=0

DO 16 1=2¢602
IMOOX(1)=0,
IM28X%X(1)=0
CONT INUE

DO 17 1=1418
BV(1)=0e
AVI1)=0oe
MOOV(1)=0a
M25V(11=0,
VWV(11=0,
CONTINUE
NRUN= 1

CALL QTEFFO(1+0+INDIC.IERR)

IF(IERR«EQe1)GO TO 51
IF(IERR«EQe2)TYRPE 1000
IF(IERR«EQe3)TYPE 1010
PAUSE

GO TO 4

C TEST FOR PASS NODes

51

C SET FIRST SET OF EXCEEDANCE LEVELS

IF(NPASS.EQs1)YGO TO 10
IF (INPASS+EQe2)G0O TO 11

10 DAC(1)=-BX(1)#DASCAL (1)
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C SET
11

12

DAC(2)=~BX{(3)*DASCAL(2)
DAC(3)=~MOOX (1) *DASCAL ()
DAC(4)==MO0X(3)*DASCAL (4)
DAC(5)=~MO0X (5) *DASCAL(S)
DAC(6)=~M25X (1) *¥DASCAL(6)
DAC(7)=-M25X(3)XDASCAL(7)
DAC(8)=-M25X(S5)*DASCAL (8)
GO TO 12

SECOND SET OF EXCEEDANCE LEVELS

DAC({1)==-BX(2)*DASCAL( 1)

DAC(2)=-~BX(4)*DASCAL(2)

DAC(3)=«~MOOX(2) ¥DASCAL (3)
DAC(4)=-M90X (4) ¥DASCAL (4)
DAC(5)=~MOOX(6) ¥DASCAL(5)
DAC(6)==M25X(2)¥DASCAL(6)
DAC(7)==-M25X(4)¥DASCAL(7)
DAC(8)=-M25X(6) ¥DASCAL(8)

CALL QDAJUMO(O+8+DAC 1ERR e ICHAN)

IF(IERR+EQe1)GO TO 3
IF(IERREQe2)TYPE 1040+ ICHAN
IF(IERR«EQe3)TYPE 1050

PAUSE

GO To 14

C TEST FOR BEGINNING OF RUN
3 CALL QTEFFO(1¢0+¢INDICIERR)

20

IF({IERREQs1)GO TO 13
IF(IERREQe2)TYPE 1000
IF(IERREQe3) TYPE 1010
PAUSE

GO TO 14

13 IFCINDIC)IGO TO 18
C TEST FOR BEGINNING OF RUN
19 CALL QTEFFO(1+0¢ INDICIERR)

IFCINDICIGO TO 20

GO TO 19

CALL QTEFFO(1+04INDICJIERR)
IF(INDIC)IGO TO 20

GO TO s0

LMSC/HREC D149410



C MISSED BEGINNING OF RUN
18 TYPE 1060

CALL QICO(1+1ERR)
NRUN=NRUN~1
PRINT 1160 +¢NRUN
PRINT 1150.7T1
PRINT 1180,T2
PAUSE

C TEST FOR PASS NOe
IF(NPASSEQe1)G0O TO 21
IF({NPASSEQe2)GO TO 40

C SELECT OPERATE TO START ANALOG

s0 CONT INUE

/ LDOB =02047++12
CALL CLOCKS
IF{IERRsEQe1YGO TO 22
IF(IERREQ.2)TYPE 1000
TYPE 1060
PAUSE

C READ ADC'S

22 DO 23 N=1e¢NMAX

CALL QSTREO(O+ 160 IERR)

IF(IERR«EQe1)GO TO 24
IF(IERREQe2)TYPE 1070
CALL QICO(1+IERR)
PAUSE

GO TO 14

24 CALL QADCVO(O0s16+ADCs IERR ICHAN)

IF(IERREQs1)GO TO 41

IF(IERREQ.2)TYPE 1080 +ICHAN

IF(IERR«EQ.3)TYPE 1090
CALL QICO(1+IERR)
PAUSE
GO TO 14

41 B(N)Y=ADC(1)#ADSCAL(])
A(NY=ADC (2)*ADSCAL (2)
YDD (N)Y=ADC(3)*ADSCAL ( 3)
PHI2{N)=ADC(4)*ADSCAL (4)
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PHI(N)=SADC(5)#ADSCAL (5)
ATALIN)=ADC{6)RADSCAL.(6)
ATA2{N)Y=ADC(7)*ADSCAL (7)
ATAI(NI=ZADC(8)®ADSCAL (8)
ATA4(N)=ADC(9)*#ADSCAL (9)
ATD1(N)=ADC(10)¥ADSCAL(10)
ATD2(N)Y=ADC(11)*ADSCAL(11)
ATD3(NI=ADC(12)*ADSCAL(12)
ATD4(N)=ADC(13)*ADSCAL(13)
VWIN)I=ADC(14)%ADSCAL(14)
MOO(N)=ADC(15)*ADSCAL (15)
M25(N)=ADC(16) #ADSCAL (16)

23 CONTINUE

C SELECT HOLD MODE TO STOP ANALOG

7/ . LDbOB 924470012

C READ EXCEEDANCE COUNT
CALL QGLGINO(1+ILOCHIERR)
IF(IERREQe1)GO TO 25
IF(IERREQ2)TYPE 1000
PAUSE
GO TO 14

C SELECT THE 1C MODE ON THE ANALOG

25 CONT INUE

/ Lboe =03047+012
Ti=CLOCKR(O)

C TEST PASS NOs
IF(NPASSeEQe1)GO TO 26
IF(NPASSEQe2)GO TO 2

C CALCULATE THE FIRST SET OF EXCEEDANCE COUNTS

Ca*

C¥# SUBROUTINE COUNTS

DO 27 51502

26 1iBxX(1)=0

1IBX(3)=0

1IMOOX(1)=0

1I1M25%(1)=0

27 CONTINUE

IF(ILOCeANDs1)I1IBX(1)=1

OO0 00



O_OOOOOOOOGOOOﬁOOOGOOOOO000000000000000
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IF(ILOCeAND«2)IIBX(3) =1
IFCILOCeANDe4) I IMIOX(1)=1
IFCILOCeAND«8)YIIMIOX(3) =1
IF{ILOCeANDS16)1IMOOX (S5) =1
IF(ILOCs AND32)1IM25X (1) =1
IF(ILOCe ANDe64) T IM2EX(3) =1
IF(ILOCsAND«128) 1 IM25X{5)=1
IBX{1)=IBX(1)34+11BX(1)
IBX{3)=IBX(3)+1IBX(3)
DO 28 1=1+5¢2
IMIOX(1)=IMOOX(I)+ IIMPOX(I)
IM2SX(1)=IM25X(I )+ I1IMESX(I)

28 CONTINUE
DO 210 1=1+3
11D4(1y=0
11DS(1)=0
11D6(1)=0

210 CONTINUE
DO 200 I=14NMAX
DELa(x)=.6042*(541(1)*ATA1(1)+542(1)*ATA2(1)+543(1)*ATA3(I) +
1 S44(1)Y%ATASG(T1))
DELS(1)=.59*t551(1)*ATA1(I)+552(1)*ATA2(1)+$53<1)*ATA3(1,
1 + S54(1)%ATAG(1))
oELé(1)=.64*c561(1)*ATA1(1)+562t1)*ATA2(1)+563(1)*ATA3(1)+
1 S64(1)I%ATAG(]1))
IF(DELA4(1)eGTeDELAX(1))1ID4(1)=1
IF(DELS(1)eGTeDELAX(2))11IDG(2)=]
IF(DELA(1)eGTeDELAX(3))1ID4(3) =]
IF(DELS(1)4GTDELSX(1))1IDS(1)=1
IF(DELS(1)eGTeDELSX(2))11DS(2)=1
IF(DELS(1)eGTeDELSX(3))1ID5(3)=1
IF(DELG(1)eGTDELEX(1))1ID6(1)=1
IF(DELG6(1)eGTeDELEX(2))11ID6(2)=1
IF(DELG6(1)eGTeDELEX(3))1ID6(3) =]

200 CONTINUE
DO 220 I=1.3
ID4CII=IDG(I)+1ID4(])
IDS(1=1D5(1)+11D5¢(1)



220

NO0BOO0NOANANNOO

29

NN NN NaNs Rs N2}

*
%k

26

IDE(I)=1D6(IY+11ID6(])
CONT INUVE

CALCULATE THE SUMMATION OF X1

DO 29 I=1sNMAX
BB(I)=BB(1)+ B(I)
AB(1)=AB(I)+ A(])
MIOB(I)=MOOB(I1)4+MS0(1)
M25B( 1)=M25B(1)+M25( 1)
VWB( 1)=VWB(I) +VW(])
ATAIB(I)=ATAIB(]1) +ATAl(I)
ATAZB(1)=ATA2B(I)I+ATA2(1)
ATA3B(1)=ATA3B(I)+ ATA3(I])
ATA4B(1)=ATA4B(I)+ ATpa(1)
ATDIB(1)=ATDIB(I)I+ATD] (1)
ATDZB(I)XATDZB(I)+AT02(X)
ATD3B(1)=ATD3B(I)+ATD3(1)
ATD4B(1)=ATD4B(I)+ATD4g( 1)
PHIB(IY=PHIB(1)+ PHI(])
YDDB(1)=YDDB(I)+YDD(1)
PHIZB(I)=PHI2B(1)+PHI2( 1)
CONT INUE

RETURN

END

CALL COUNTS
IFINRUNeEQeNRMAX)GO TO 30
T2=CLOCKR(O0)

NRUN=NRUN+ 1

GO TO 13

C CALCULATE MEAN VALUES

30

DO 31 I=1sNMAX
BB(I3)=BB(I)/NRMAX
ABC(I)=AB (1) /NRMAX

M3O0B( 1)=M9O0B( 1) /NRMAX
M258(1)=M25B( 1) /NRMAX
PHIB(1I)Y=PHIB(1)/NRMAX
VWB(1)=vWwB(1)/NRMAX
ATAIB(I)=ATAIB(1)/NRMAX
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ATA2B(1)=ATA2B(1)/NRMAX
ATA3B(1)=ATA3B(1)/NRMAX
ATA4AB(1)Y=ATA4B(1)/NRMAX
ATD1B(1)Y=ATDIB(1)/NRMAX
ATD2B(1)=ATD2B( ] )/NRMAX
ATD3B(1)=ATD3B(1)/NRMAX
ATD4B(131=ATDAB( [ ) /NRMAX
YoDB(1)=YDDB (I3} /NRMAX
PHIZB(1)=PHI2B{(I )/NRMAX
31 CONTINUE
C END OF PASS 1
TYPE 1100
PAUSE
NPASS=NPASS+1
GO ToO 4
C CALCULATE THE SECOND SET OF EXCEEDANCE COUNTS
2 1IBX(2)=0
1IBX(4)=0
DO 32 1=2+¢64¢2
1 IM9OX(1)=0
1iIM25%X(1)=0
32 CONTINUE
C IFCILOCeAND1)IIBX(2) =1
C IF(ILOCeANDe2)1IBX(4) =1
Cc IF{ILOCsANDe4) 1 IMOOX(2)=1
C IF(ILOCeAND8)IIMOOXIi4g)=1
C IF(ILOCsAND 161 IMOOX6) =1
C IFLILOCeANDS32) 1 IM25X (2)=1
C IF(ILOC2AND64) T IM25X (4)=1
C IFCILOCeAND128)11IM285X(6)=1
A

SSEMBL
CA 71L0C
AHM 1 71IBX4109015
ROT 1
AHM1 Z1IBX4+3e+15
ROT 1
AHM 1 ZIIMOOX4+190015
ROT 1
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AHM1 /1IM90X+3s015
ROT 1
AHM1 /11M90X+5s s 15
ROT 1
AHM 1 /1IM25X+14915
ROT 1
AHM1 /1IM25X+3e0 15
ROT 1
AHM1 Z1IM25X+5¢ 415
FORTRAN'

IBX(2)=1IBX(2)+11IBX(2)
IBX(4)=IBX(4)+11BX(4)
DO 33 1=2¢642
IMOOX(I)=IMOOX(I)+1IMOOX(1)
IM25X(1)=IM2SX( 1)+ IM25X( 1)

33 CONTINUE '

C CALCULATE SUMMATION(X=XB) %2

DO 34 1=1+NMAX
BVIII=BV(II+ (B(1)=~BB(1))*x2
MOOV (1)=MOOVI(I)+ (MO (1)~-MPOB(1))#*%2
M2SV (1) =M25V(1)+ (M2S(1)-M25B(1))%*2
VWV T IaVWVIT) +(VWID) -vWB( 1)) %#%2

34 CONTINUE
IF INRUNsEQsNRMAX)GO TO 35
NRUN=NRUN+ 1
GO TO 3

*

SUBROUTINE VARIAN
CALCULATE THE VARIANCES
3% DO 42 I=1+NMAX
BVI1)=BV(I)/(NRMAX~1)
AVI1I)=AV(I)/(NRMAX~1)
MIOV(1)=MO0V(1)/ (NRMAX~-1)
M2SV(1)=M25V(1)/(NRMAX~1)
VWV I )=VWVI)/ (NRMAX~1)
B3([)=3#SQRT(BV(1))
A3(1)=3.%SQRT(AV(]))
MOO3 (1) =3+ #SQRT(MOOV(]))

OO0 0000000



42
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MZ2S3(1)=3:%SQRT(M25V (1))
VW3 (1)=3e#SERT(VWVI(I))
XI1B(I)= S11(1)*ATAIB(1) +S12(1)*ATA2B(1) +S13(1)*ATA3B(1)

1 +S14(1)*ATA4B (1)

XI2B(1)= S21(1)%ATAIB(1) +S22(1)*ATA2B(I) +S23(1)*ATA3B(1)
1 +S24( 1) ®ATAAGB (1)

XI3B(I)= S31(I)*ATAIB(I) +S32(1)%ATA2B(1) +S33(I1)*ATA3B(1)
1 +S34(1)*ATAAB (1)

X14B(1)= SA41(I)*ATAIB(1) +S42(I)¥ATA2B(1) +S43(1)*ATA3B(I)
1 +S44(1)*ATA4B( 1)

XISB(I)= SS1(1)*ATAIB(I) +SS2(1)*ATA2B(1) +S53(1)*ATA3B(I)
1 +S54 (1) *ATASGB (1)

11B(I) =—PHI2B(I) +P11(1)*ATDIB(I)+P12(1)®ATD2B(1)+P13(1)*ATD3B( 1)
1 +P14 (1) *ATDABI( 1)
1 + T34(1)®ATD4B( 1)

1 +PZ24 (1) ®ATD4B( 1)

i2B(1) =-PHIZ2B(1)

+P21(I)#ATDIB(1)+P22( 1) *XATDZ2B(1)1+P23( 1)1 *ATD3B( )

X16B(1)= S61(I)*ATAIB(1I) +S62(1)*ATA2B(1) +S63(1)*ATA3B(1)
1 +S64({ I)%XATAAB (1)

DELIB(I)= XI1B(1)%:5299

DEL2B(1)= XI2B(1)%,539

DEL3B(1)= XI3B(l)¥e5431

DEL4B(1)= X1aB(1)#,6042

DELSB(1)= XIBB(]1)%*.59

DEL6B{(1)= XI6B(1)*e64

Az1B(I)y=YDDB(1) +

TI1I1(I)Y*ATDIB(IY+TI2(I)*ATD2B(1) +TI3(1IXATD3BI( 1)

1 + T4 (1)*ATD4B( 1)

A22B(13=YDDB(1) + T21(1)®ATDIB(I1)+T22(1)*ATD2B(1) +T23(1)*ATD3B(1)
1 + T14(1)*ATD4AB( 1)

A23B(1)=YDDB(I) + TI1(II¥ATDIB(I)I+T32(1)*ATD2B(1) +T33(1)%ATD3B(1)
I13B8(I)= —~PHIZ2B(I1) +P31(I1)*ATDIB(I)+P32(1)*ATD2B(1)1+P33(1)*ATD3B( 1)
1 +P34( 1Y*ATD4B(])

CONT I NUE

RETURN

END

CALL VARIAN
CALL WRITE
PAUSE

GO TO 14
END

C-12
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SUBROUTINE WRITE
REAL. MPOXsM25X s MOOB ¢ M25B s MOOV e M25V e MIO « M25 + MAZ2S5 e MASO s MBIO s MO 03 4
IM253+11B+12B+ 13B
COMMON ADSCAL (16) +DASCAL(16) +BX(4)+sDELAX(3) +DELSX(3) +DELEX(3)
1IBX(4)¢ IMOOX(6) o IM25X(6)+ID4(3)+IDS(3)sID6(3)+BB(18)+AB(18)
2YDDB(18)+PHIZB(18) VWB(18) ¢ ATAIB(18)ATAZB(18)+ATA3B(18)+ATA4B(18)
3
AATD1B(18): ATD2B(18)+ATD3B(18)9sATDAB(18) +PHIB(18)+XI1B(18)4X12B(18)
S5eXI3B(18)eXI4B(18):XI5B(18)«XISB(18)DEL1IB(18)+DEL2B(18)DEL3B(18)
6:DEL4B(18)+DELSB(18) +DELEB(18) 4 Bv(18).,
TAV18) 2 VWV (18)eDACI(B) (ADC(16)+sB(18)+A(18)¢YDD(18)+PHIZ2(18)PHI(18)
B8sATAL(18)eATAZ2(18) +ATA3(18)+ATA4(18)+ATD1(18)+ATD2(18)+ATD3(18)
GATDA4(18) s VW(18)+DELA4(18) ¢DELS(18)DELE(18)4+11IBX(4)s I1IMIOX(6E)
1TIM25X(6)+1ID4(3)e1IDS(3)91IDB(3)+B3(18)¢A3(18)eVW3(IB)+TITLE(20)
2511(18)9512(18)¢S13(18)9514(18)¢S21(18)¢S22(18)9523(18)¢524(18),
3S31(18)¢S32(18)¢S33(18)9534(18)+541(18)¢S42(18)+S43(18)+544(18),
4881 (18)+552(18B)+353(18)9554(18)¢S61(18)4S62(18)+¢563(18):564(18).
S5T11¢18)9T12(18)eT13(18)eT14(18)¢T21(18)¢T22(18)eT23(18)eT24(18)
6T31(18)eT32(18)sT3Z(IBIIT34(18)sP11(18)eP12(18)eP13(18)+P14(18),
TRP21(18)+P22(18)+P23(18)+P24(18)+P31(18)+sP32(18)+P33(18)+P34(18)
1:A21B8(18)+A22R(1B)+A238(18)
COMMON
1 MOOX(6) s M2SX(6) +MOOB(18) +M25B(18) sMOOV(18) sM25V(18)MOO(18)
IM25(18) sMA2S(18) e MASO (18)+MBOO( 18) +MOO2(18) s M253(18)
211B(18)+12B(18):138(18)

1120 FORMAT(1HL «5X+20A4)

1130 FORMAT(1HO+S0H THE EXCEEDANCE LEVELS ARE LISTED ABOVE THE COUNTS)

1140 FORMAT( 1HO+ SHBX (1) 9XSHBX(2)9XSHBX (3)9XSHBX(4))

1150 FORMAT(IX9E14¢7/)

1160 FORMAT(1X9114)

1170 FORMAT ( 1HO0O+8HMBIOOX (1) 6XBHMBIOX( 2)6XBHMBIOX (3 )6EXBHMBIOX( 4)6X

i 8HMBOOX(5) gX8BHMBOOX(6))
1180 FORMAT( 1HO+8HMB25X({1)gX8HMB25X( 2)6X8HMB25X (3 )6X8HMB25X( 4) 6X
1 B8HMB25X(5) gXBHMB2SX(4&))

1190 FORMAT(1HO+71HTHE VARIABLES ARE LISTED ABOVE THE MEAN SIGMA SQUARE

1«+AND 3 SIGMA VALUES)
1200 FORMAT( 1HO:4HB(1)10X4HB(2)10X4MHB(3)10X4HB(4)10X4HB(5) 10Xa4HB(6)10X4
1HB(7)10X4HBI(B) + 10X4MB(9) )
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1210 FORMAT(IHO+SHB(10)9XSHB(11)9XS5HB(12)9X5HB(13)9XSHB( 14)9X5HB(15)9XS
1HB(16)9XSHB(17)9X5HB(18))

1220 FORMAT(1HO+4HA(1)10X4HA(2) 10X4HA(3) 10X4HA(4)10X4HA(S) 10X4HA(6)10X4
1HA{7)10XaHA(8) 10X4HA(9))

1230 FORMAT(1HO«SHA(10)9XSHA(11)9XSHA(12)9XSHA(13)9XSHA(14)9X5HA(15)9X5
1HAC18) OXSHA(1T7IOXSHA( 18))

1240 FORMAT(1HO s 7HMBOO( 1) 7XT7HMBI0 (2) 7X7THMBY0 (3) 7X7HMBI0( 4 ) 7X7THMBO0(5) 7X
17HMBO0 ( 6) 7X7HMBOO (7 ) 7XTHMBO0 (8) 7X7HMBI0 (9))

1250 FORMAT(1HO+8HMBO0O(10)6X8BHMBO0(11)6X8HMBI0( 12)6XBHMBI0(13)6X8HMBI0!
114)8X8HMB90(15)6X8HMBOO(16) 6X8HMBI0(17)6X8HMBI0(18))

1260 FORMAT(1HOs THMB2S5( 1) 7X7HMB25(2) 7X7HMB25 (3) 7X7THMB25( 4 ) 7X7THMB25(5) 7X
i THMB2S(6) 7TXTHMB25(7) 7X7HMB2S5 (8) 7XTHMB25( 9))

1270 FORMAT(1HO«8HMB25(10)6X8HMB25(11)6XBHMB25(12)6X8HMB25(13)6X8HMB25(
114)6XBHMB25(15) 6XBHMB25( 16)6X8HMB25( 17) 6X8HMB25(18) )

1280 FORMAT({ 1HO+SHVW( 1) OXSHVW(2)IXSHVW(3)IXSHVW (4 ) IXSHVW (5)IXSHYW (6 )9X

1 - BHVWI(T7T)OXSHVW (8 )9IXSHVW(9))
1290 FORMAT( 1HO+SHVW(10)BX6HVWI(11)8X6HVW(12)8X6HVIW (13)8X6HVW(14)18X
1 6HVW(15)8XsHVW(16)8X6HVW(17)8X6HVW(18))

1300 FORMAT(1HO«46HTHE VARIABLES ARE LISTED ABOVE THE MEAN VALUES)

1310 FORMAT( 1HO+&HPHI (1 )BX6HPHI (2)BX6HPHI (3)8X6HPHI (4) 8X&6HPHI (5)8X
1 ’ S6HPHI (6) BX6HPHI (7) 8X6HPHI (8)BX6HPH1 (9) )

1320 FORMAT(1H1) :

1330 FORMAT(1HO« 7HPHI (10) 7X7HPHI(11) 7XTHPHI(12) 7X7HPHI (13) 7XTHPHI (14)7X
1 THPHI (1S5)YTX7HPHI (16) 7XTHPHI (1 7)Y 7XTHPHI( 18))

1340 FORMAT(1HOBHDEL 4X{1)6X8HDEL4X(2)6X8HDEL4X(3))

1341 FORMAT(1HO«7HDEL 1 (1) 7X7HDEL 1(2) 7X7HDEL1(3) 7X7THDEL 1( 4) 7X7HDEL 1(5)7X

1 THDEL 1 (6) 7X7THDEL 1 (7) 7X7HDEL 1 (8) 7TX7THDEL 1(9))
1342 FORMAT( 1HO8HDEL.1(10)6X8HDEL1(11)6X8HDEL 1(12)6X8HDEL1(13)6X
1 8HDEL 1(14)8X8HDEL1(15)6X8HDEL1(16)6XBHDEL1(17)6X
1 8HDEL.1(18))
1343 FORMAT( 1HO ¢ THDEL 2( 1) 7X7HDEL2(2) 7X7HDEL2(3) 7X7HDEL2( 4) 7X7THDEL2(5) 7X
1 THDEL2(6) TXTHDEL2(7) 7X7HDEL2(8) 7XTHDEL2(9))

1350 FORMAT( 1HO «SHDEL SX( 1) aXBHDELSX( 2)6X8BHDELSX{3))
1360 FORMAT( 1HO«8HDELBX(1)6XBHDELEX( 2)6X8BHDELE6X(3))
1370 FORMAT(1HO+8HDEL2(10C)aXBHDEL2(11)6X8HDEL2(12)6X8HDEL2(13)6X
1 BHDEL2(14)6X8HDEL2(15)6XBHDEL2(16)6X8BHDEL2(17)6X
1 8HDEL2(18))
1380 FORMAT(1HO+ 7HDEL3( 1) 7XTHDEL3(2) 7XT7HDEL3(3) 7X7HDEL3( 4)7X7HDEL.3(5)7X
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1 THDEL 3(6) 7X7HDEL3(8) 7X7HDEL3(9))
1390 FORMAT( 1HO+8HDEL 3(10)6XBHDEL3(11)6XBHDEL.3(12)6X8BHDEL3(13)6X

8HDEL 3(14)s8XBHDEL.3(15)6X8HDEL3(16)6X8HDEL3(17)6X

1 8HDEL 3(18))

1400 FORMAT( 1HO« 7HDEL 4 (1) 7TX7HDEL 4 (2) 7XTHDEL4 (3) 7X7HDEL4 (4 ) 7TXTHDEL 4 (5) 7X
1 THDELA(6) 7XTHDEL A (7)) 7XTHDEL4 (8) 7TX7HDEL 4(9))

1410 FORMAT(1HO+8HDELA(10)6XBHDELA(11)6X8HDEL4(12)6XBHDEL4(13)6X
1 8HDEL4(14)6XBHDEL4( 15)6XBHDEL4(16)6XBHDEL4(17)6X
1 8HDEL4(18))

1420 FORMAT( 1HO+ 7HDELS( 1) 7XTHDELS (2) 7X7HDELS (3) 7XTHDELS( 4) 7X7HDEL.5(5) 7X
1 THDELS{(6) TXTHDELS (7)) 7X7THDELS (8) 7TXTHDELS(9))

1430 FORMAT{ 1HO+8HDELS(10)6XBHDELS(11)6X8HDELS(12)6XBHDELS(13)6X
BHDEL.5(14)8X8BHDELS(15)6X8HDEL.5(16)6X8HDELS(17)6X
8HDEL.5(18))

1440 FORMAT( 1HO+» TMDEL & (1) 7XT7THDEL6(2) 7X7HDELG6(3) 7XTHDEL.6( 4 ) 7X7THDELG6(5) 7X

1 THDEL&(6) 7XTHDEL.6(7) TX7THDELG6(8B) 7TXTHDELG6(9) )

1450 FORMAT(1HO8HDELG6(10)6XBHDELS(11)6XBHDEL6(12)6XBHDELG6(13)6X
i . BHDEL6(14)6X8HDELE(15)6XBHDEL6(16)6X8HDEL.6(17)6X
1 BHDEL 6(18))

1460 FORMAT(1HO+BHALPH1(1)6XBHALPH1(2)6XBHALPHL (3)6X8HALPH1 (4)6X
1 S8HALPH1 (5) 6 XBHALPH] (6)6XBHALPHL (7) 6X8HALPH1 (8) 6X
| BHALPH1(9))

1470 FORMAT(1HO +9OHALPH]1 (10)SXOHALPH1 (11)SX9HALPH]L (12)5X9HALPH1(13)5X
OHALPH1 (14)SX9HALPHI ( 15)5X9HALPH1 (16)5X9HALPH1(17)5X

1 OHALPH1I(18))
1480 FORMAT( 1HO+8HALPH2(1)6X8HALPH2(2)6X8HALPH2(3)6X8HALPH2(4)6X
1 B8HALPH2(5) 6XBHALPH2(6) 6 XBHALPH2 ( 7) 6XBHALPH2(8) 6X
1 BHALPH2(9) )
1490 FORMAT( 1HO«9HALPH2 (10 )5X9HALPH2(11)5X9HALPH2(12)15X9HALPH2(13)6X
1 OHALPH2( 14 )SXOHALPH2( 15) SX9HALPHZ ( 16)5X9HALPH2(17)6X

OHALPH2(18))
1500 FORMAT(1HOs8B8HALPH3(1)6X8HALPH3(2)6X8HALPH3(3)6X8HALPH3(4)6X

1 8HALPH3(5)6X8HALPH3(6)6X8HALPH3(7)6XBHALPH3(8)6X
1 8HALPH3(9)

1510 FORMAT( 1HOsOHALPH3 (10 )5X9HALPH3(11)SX9HALPH3(12)5X9HALPH3(13)5X
1 OHALPH3(14)SXOHALPH3( 15)5X9HALPH3(16)15X9HALPH3(17)5%
1 SHALPH3(18))

1520 FORMAT(IHO«7HIDD1 (1) 7X7THIDD1(2) 7X7HIDD1 (3)7X7HIDD1(4) 7X7HIDD 1 (5) 7X
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1 7HIDDI(6)7X7HIDDI(7)7X7HIDDI(8)7X7HIDDI(9))
1530 FORMAT(IHO»BHIDDI(10)6X8HIDDI(11)6X8HIDDI(12)6X8HIDDI(13)6X
8HIDDl(l4)6X8HIDDl(15)6X8HIDD1(16)6X8H[DDI(17)6X

i 8HIDD1(¢(18}y)
1540 FORMAT(IHO»?HIDDE(I)7X7H1DDZ(2)7X7HIDDZ(3)7X7HIDDE(4)7X7HIDDZ(5)
i 7X7HIDDZ(6)7X7HIDDB(7)7X7HIDDZ(8)7X7HXDDE(9))
1850 FORMAT(IHO-BHIDDZ(IO)SXBHIDDB(11)6X8HIDDZ(12)6X8HXDDZ(13)6X
1 8H!DDZ(14)6X8HIDDE(15)6X8HIDDZ(16)6X8HIDD2(17)6X
i 8HIDD2(18))

1560 FOQMAT(lHOo?HIDDB(l)7X7HIDDB(2)7X7HIDDS(3)7X7HIDDB(4)7X7HIDDS(5)7X
1 7HIDDS(6)7X7HIDD3(7)7X7HIDD3(8)7X7HIDDB(9))

1870 FORMAT(1H0-8H1D03(10)6X8Hl003(11)6X8H1D03(12)6X8HIDDB(13)6X
1 8HIDD3(14)6X8HIDDB(15)6X8HIDD3(16)6X8HIDDB(17)6X
i 8HIDD3(18))

1580 FORMAT(IHOQGHXII(1)8X6HX11(2)8X6HX11(3)8X6HX11(4)8X6HXII(5)8X
1 6HXII(6)8X5HXII(7)8X6HXII(8)8X6HXII(9))

1590 FORMAT(1H007HXII(10)7X7HX11(11)7X7HXII(12)7X7HXII(13)7X7HX11(14)7X
1 7HXII(15)7X7HXII(16)7X7HX11(17)7X7HX11(18))

1600 FORMAT(lHOseHXIZ(1)BX6HX!2(2)8X6HXX2(3)8X6HX12(4)8X6HX12(5)8X
1 6HX12(6)8X6HX!2(7)8X6HX12(8)8X6HX12(9))

1610 FORMAT(lHOo?HXIZ(IO)?X?HXIZ(ll)7X7HX12(12)7X7HX12(13)7X7HX12(14)7X
1 7HX12(15)7X7HX12(16)7X7HX12(17)7X7HX12(18))

1620 FORMAT(1H006HX13(1)8X6HXI3(2)8X6HXI3(3)8X6HX13(4)8X6HXI3(5)8X
1 6HX13(6)8X6HX13(7)8X6HX13(8)8X6HX13(9))

1630 FORMAT(IHO»?HXIB(10)7X7HX13(11)7X7HXI3(12)7X7HX13(13)7X7HX13(14)7X
1 7HX13(15)7X7HXI3(16)7X7HX13(17)7X7HXI3(18))

1640 FORMAT(1HO.6HXI4(l)BXéHXI4(2)8X6HXI4(3)8X6HXI4(4)8X6HXI4(5)8X
1 6HXI4(6)8X6HXI4(7)8X6HXI4(8)8X6HX14(9))

1650 FORMAT(lHOvVHX14(10)7X7HXI4(11)7X7HX14(12)7X7HXI4(13)7X7HX14(14)7X
1 7HX14(15)7X7HX14(16)7X7HXI4(I7)7X7HX14(18))

1660 FORMAT(lHOoéHXIS(l)8X6HXIS(2)8X6HX15(3)8X6HX15(4)8X6HXIS(5)8X
1 6HX15(6)8X6HX15(7)8X6HXIS(8)8X6HX15(9))

1670 FORMAT(1H0e7HXIS(10)7X7HXIS(11)7X7HX15(12)7X7HXIS(13)7X7HX15(IQ)7X
1 A7HXI5(15)7X7HXIS(16)7X7HXIS(17)7X7HX15(18))

1680 FORMAT(1HO~6HX16(1)8X6HX16(2)8X6HX16(3)8X6HX16(4)8X6HX16(5)8X
1 GHXI6(6)BXEHXIE(T)BXEHXIGE(B)BXE6HXI6(I) 3

1690 FORMAT(1H017HX16(10)7X7HX16(11)7X7HX16(12)7X7HX16(13)7X7HX16(14)7X
1 7HX16(15)7X7HX16(16)7X7HX16(17)7X7HX16(18))
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1710 FORMAT{(1H1)

C PRINT EXCEEDANCE COUNTS
PRINT 1120(TITLE(I)e1=1:20)
PRINT 1130
PRINT 1140
PRINT 1150:(BX(1)s1=1,4)
PRINT 1160+(IBX(I)sI=1¢4)
PRINT 1170
PRINT 1150+ (MIO0X(I)el=z126)
PRINT 1160+ (IMOOX(I)a1=1:6)
PRINT 1180
PRINT 1150 (M25X(1)s1=1¢6)
PRINT 1160+(IM25X(1)e]=146)
PRINT 1340
PRINT 11850+ (DEL4X(1)e1=1+3)
PRINT 11606(IDA(I)e1=163)
PRINT 1350
PRINT 1180+ (DELSX(I)e1=1+3)
PRINT 1160+(IDS(1)el=1+3)
PRINT 1360
PRINT 11504 (DELO6X(1I)e1=103)
PRINT 1160+(ID6(1)el=1+3)

C PRINT MEAN VALUES AND VARIANCES
PRINT 1190
PRINT 1200
PRINT 1180+s(BB(1)e1=1,9)
PRINT 118504(BV(1)s1=1,9)
PRINT 1150+(B3(1)e1=1,9)
PRINT 1210
PRINT 11850+(BB(I1)eI=10418)
PRINT 1180.(BV(I)el=10+18)
PRINT 1150+(B3(1)+1=10+18)
PRINT 1240
PRINT 1150+ (M90B(()e21=1+9)
PRINT 1180(MO0V(I)el=1+9)
PRINT 1150¢(M903([)e1=1+9)
PRINT 1710
PRINT 1250
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PRINT 1150+¢(MOOB(1)¢1210418)
PRINT 1150+ (MO0OV(I)+1=10418)
PRINT 11504(MO03(1)51=10+18)
PRINT 1320

PRINT 1260

PRINT 1150¢(M25B(1)el=149)
PRINT 1150¢(M25V(1)e1=149)
PRINT 1150 (M253(1)s1=149)
PRINT 31270

PRINT 118504 (M25B(1)¢1=10.18)
PRINT 1150¢(M25V(1)+1=10+18)
PRINT 11500(M253(1)+1=10+18)
PRINT 1280

PRINT 1180e{VWB(1)el=1:9)
PRINT 1150e¢(VWVI(1)el=1+9)
PRINT 1150¢(VW3(1)e1=1:9)
PRINT 1290

PRINT 1150s(VWB(I)eI=10+18)
PRINT 1150¢(VWV(I)e1=10+18)
PRINT 1150¢(VW3(1)e1=10+18)
PRINT 1300

PRINT 1220

PRINT 11504 (AB(1)e1=1,9)
PRINT 1230

PRINT 1150.(AB(1)+1=10+18)
PRINT 1310

PRINT 1150+ (PHIB(I)el=1+9)
PRINT 1330

PRINT 1I504(PHIB(1)41=10,18)
PRINT 1710

PRINT 1341

PRINT 1150+ (DELIB(I)s1=1:9)
PRINT 1342

PRINT 1150+ (DELIB(I)+1=10+18)
PRINT 1343

PRINT 1150 (DEL2B(I)v1=1+¢9)
PRINT 1370

PRINT 1150+(DEL2B(1}+1=10+18)
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PRINT 1380

PRINT 1150+ (DEL3B(I)s1=1:9)
PRINT 1390

PRINT 1150+(DEL3B(1)¢1=10418)
PRINT 1400

PRINT 1150+ (DEL4B(I)s1=1:9)
PRINT 1410

PRINT 1150 (DELAB(1)+1=10+18)
PRINT 1420

PRINT 1180¢(DELSB(1)eI=149)
PRINT 1430

PRINT 11S0¢(DELSB(1)21=10+18)
PRINT 1440

PRINT 1150« (DELE6B(1)s1=1¢9)
PRINT 1450

PRINT 1150+ (DELEB(I)e1=10+18)
PRINT 1710

PRINT 1460

PRINT 1150¢(A218(1)e1=149)
PRINT 1470

PRINT 1150+(A21B(1)+1=10+,18)
PRINT 1480

PRINT 1180+(A22B8(1)e1=1+9)
PRINT 1490

PRINT 1180+(AZ22B(1) +1=10+18)
PRINT 1500

PRINT 1150:(A23B(1) o01=21¢9)
PRINT 1510

PRINT 1150(A23B(1) +1z10¢18)
PRINT 1520

PRINT 11504(11B(1)e1I=149)
PRINT 1530

PRINT 11506,(11B(1)+1=170418)
PRINT 1540

PRINT 1150:(12B(1)e1=1¢9)
PRINT 1580

PRINT 1150:(12B(1)s1I=10+18)
PRINT 1560

C-19



LMSC/HREC D149410

PRINT 1150:(I3B(1)e1=1+9)
PRINT 1570
PRINT 1150+(I3B(1}e¢1=10+18)
PRINT 1710
PRINT 1580
PRINT 11S0+4(X118(1)el=]109)
PRINT 1590
PRINT 1150¢(X11B([)+1=10+18)
PRINT 1600
PRINT 1150(XI2B(I)s1=1¢9)
PRINT 1810
PRINT 1150+(XI2B(1)¢1=10+418)
PRINT 1620
PRINT 11S0+(XI3B(1)e1=1¢9)
PRINT 1630
PRINT 1150:(XI3B(1)+1=10418)
PRINT 1640
PRINT 1150¢(XI4B(I)el=149)
PRINT 1650
PRINT 1150+(X14B(1)¢1=10.18)
PRINT 1660
PRINT 1180¢(XISB(I)el=109)
PRINT 1670
PRINT 11S0+(XISB(1)el=10418)
PRINT 1680
PRINT 1150¢(XI&B(1)el=109)
PRINT 1£90
PRINT 1150¢(X16B(1)+1=10+,18)
RETURN
END

¢

]
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SUBROUTINE COUNTS

DATA 1L0Cc/0/

LOGICAL INDIC

EXTENDED TITLE

REAL M9OXQM25X'M9OBcM258qM9QV§M25VvM90-M259MA25oMA9O9MB900M9039
1IM253+11Bs12B+ 13B N

COMMON / BLOCK / IOCTBQIOIERR9NMAXQNRMAXONPASS!NRUNOINDICOICHAN’

1 TleT2eNsILOC

CoMMOoN ADSCAL(lG)'DASCAL(16)oBX(Q)ODEL4X(3)ODEL5X(3)oDEL6X(3)o
1IBX(4)9IM90X(6)91M25X(6)OID4(3)olDS(3)olD6(3)~BB(IB)QAB(IB).
2YDDB(18)0PHIZB(18)1VWB(18)9ATAXB(18)qATAEB(18)9ATA35(18).ATA4B(18)
e
4ATDIB(18)*ATDEB(18)’ATDBB(18)-ATD4B(lB)qPHIB(IB)'XIlB{18)0XIZB(18)
5.XI3B(18)4XI4B(18)9X158(IB)oXIéa(IB)gDELIB(lB).DELZB(lB)oDEL3B(18)
GsDEL4AB(18) +DELSB(18) +pELBB(18) o ‘ Bv(18),
7AV(18).VWV(18)'DAC(8).ADC(16)9B(18)0A(18)0YDD(18)cPHIE(lB)oPHI(IS)
BOATAI(IB)OATAZ(IB)QATAS(IB)QATA4‘IB)CATDI(IB)OATDZ(18)0ATD3(18)0
9ATD¢(18)9VW(18)ODEL4(18)vDEL5(18)9DEL6(18)vIIBX(4)cIIM90X(6)0
111M25X(6)9IlD4(3)9lIDS(3)oIID6(3)083(18)0A3(lS)oVWB(IB)oTITLE(EO)q
2511(18)-5]2(18)o513(18)0514(18)1521(18)0522(18)0523(1810524(18)o
3531(18)»532(18)v533(18)9534(18)9541(18).842(18)1543(18)5544(18)0
4551(18)-552(18)9553(18)’554(18)0561(18)0562(18)y563(18)0564(18)0
5T11l18)9T12(1811T13(18)\T14(18).T21(18)¢T22(18)0T23(18)'T24(18)9
6731(18)1T32(18)-T33(18)|T34(18)vPll(18)oPIE(18)oP13(18).914(18)o
7P21(18)9P22(18)1P23(18)sp24(18)oP3l(18)qP32(18)1P33(18)0P34(18)
1sA218(18)9A228(18)vA238(18)

COMMON

1 M9OX(6)0M25X(6)-M908(lB)vMZSB(18)vM90V(18)9M25V(18)0M90(18)o
IMZS(18)9MA25(18)0MA90(18)1M890(18)-M903(18)0M253(18)~
2118(18)+12B(18)+13B(18)

1700 FORMAT(11448E14e7)
C
C
26 11IBX(1)=0

11B8X(3y=0

DO 27 1=1¢542

I IM9OX(13)=0

[IM25X(1)=0
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27 CONTINUE

IFCILOCeANDe1)11IBX(1)=1
IF(ILOCsAND2)1IBX(3)=1

IF(ILOCe ANDe4) I IMO0X(1)=1
IF{ILOCeAND8) I IMOOX(3)=]
IF(ILOCeANDL16) 1 IMOOX(S5) =1
IF(ILOCeAND 3231 IM25X (1) =1
IF(ILOCeAND¢64) I IM2EX (3) =1
IF(IL . OCs ANDS128) 1 IM25X(5)=1

SSEMBL
CA
AHM 1
ROT
AHM1
ROT
AHM 1
ROT
AHM1
ROT
AHM1
ROT
AHM1
ROT
AHM1
ROT
AHM1

ORTRAN

7/ ILOC
/1IBX+0e0e15
;IIBX+20015
;IIM9OX+09015
;IIM90X+20015
}IIM90X+49015
>I!M25X+Oool%
}IIM25X+20015
iIIM25X+40015

IBX(1)=IBX(1)+1IBX(1)
IBX{3)=1IBX(3)+11BX(3)

DO 28 1=1

IMOOX(I)=IMOOX(1I)+ TIMOOX(I)
IM2SX (1 )=IM25XTT )Y+ TIM25X(1)

28 CONTINUE
DO 210 I=
1ID4a(1y=0

eS¢2

13

1I1D5¢1)=0
1ID6(11)=0

210 CONTINUE
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DO 200 I=1+NMAX

DELA(1)=46042%#(S41(1)%ATAL(1)+Sa2( 1) *ATA2(1)+S43(1)*ATA3(1) +
1 S44(1)#ATAA(1))
DELS(1)=e59%#(SS51 (1)*ATAL(I)+SS2( 1) XATA2(1)+S53(1)*ATA3(])

1 + SS4(1)%ATASLL]))
DELE(1)=e64¥(SH61(1IFATALI(II+SE62(T)I*ATA2(I1)I+S63(1)*ATA3(1)+
1 S64(1)*ATAA(I))
IF(DEL4(1)eGTeDEL4X(1))1ID&G(1)=1
IF(DEL4(1)eGTeDELAX(2))1IDA(2)=1
IF(DEL4(1)eGToDELAX(3))1ID&G(3) =1
IF(DELS(1)eGTeDELSX(1))IID5(1)=1
IF(DELS(1)eGT«DELSX(2))I1IDS(2)=1
IF(DELS(1)eGTeDELSX(3))I1ID5(3)=1
IF(DELG6(1)eGT«DELEX(1))11D6(1)=1
IF(DEL6( 1) eGTeDELEX(2))11D6(2)=1
IF(DELG(1)«GT«DELEX(3))I1D6(3)=1

200 CONTINUE
DO 220 1=1,3
IDA(1)=IDa(1)+11ID4(])
IDS(1)Y=IDS(1)Y+11D5( 1)
ID&(I1)=ID6(II+TID6(T)
220 CONTINUE
C CALCULATE THE SUMMATION OF XI

DO 29 I=1+NMAX

BB(1)=BB(1)+ B(I)

AB(I)Y=AB(1)+ A(I)

MIOB( 1)=MOOB(1)+M90(1)
M2SB(1)=M25B(1)+M25( 1)
VWB(I)=VWB(I) +VW(1)
ATAIB(I)=ATAIB(1) +ATAL(I)
ATA2B(1)=ATA2B(1)1+ATA2(1)
ATA3B(1)=ATA3B(1)+ ATA3(I)
ATA4B(1)=ATA4B(I )+ ATDa(I)
ATD1IB(1)=ATDIB(I)+ATD1 (1)
ATD2B(1)=ATD2B(1)+ATD2( 1)
ATD3B(1)=ATD3B(1)+ATD3(1)
ATD4AB(1)=ATDAB(1)+ATD4( 1)
PHIB(I)=PHIB(I)+ PHI(])
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YDDB(1)=YDDB(I)+YDD( 1}

PHIZ2B(1)=PHI2B(I)Y+PHI2( 1)
29 CONTINUE

RETURN

END
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SUBROUTINE VARIAN
LOGICAL INDIC

EXTENDED TITLE
REAL MQOXQMZSXOMQOBOMZSB'M90V|M25VOM90'M25!MA25!MAQO!MBgovM9030

IM2S3+.118+128B+13B

COMMON / BLOCK / IOCTBOIoIERRONMAXvNRMAXQNPASSONRUNolNDIColCHANo

1 TlLaT2NolILOC

COMMON ADSCAL(Xé’qDASCAL(IG)qBX(4)vDEL4X(3)oDEL5X(3)oDEL6X(3)o
lIBX(4)¢IM90X(6)'IM25X(6)QID4(3)vIDS(B)olDé(B)OBB(lS)QAB(lB)'
ZYDDB(IB)QPHIEB(IB)QVWB(IBJ'ATAIB(IB)oATAZB(18)'ATA3B(18)QATA4B(18)
3
4ATD18(IB)QATDZB(18)1ATDSB(IB)OATD4B(15)0PHIB(18)in18(18).XX28(18)
50XI3B(18)0XI4B(18)oXISB(IB)oXIGB(IB)oDELlB(le)cDELZB(IB)oDELBB(IB)
6+DEL4B(18)+DELSB(18) +DELEB(18) Bv(i8).,
7AV(18)0VWV(18)ODAC(8)oADC(lé)OB(18)0A(18)~YDD(18)QPH12(IB)QPHI(IS)
BQATAI(IB)OATAZ(IB)OATA3(18)9ATA4(18)0ATDI(IB)OATDZ(lB)oATDB(lB)o
9ATD4(18)0VW(18)ODEL4(18)0DEL5(IB)ODEL6(18)0118X(4)0IlM90X(6)o
lIIM25X(6)0IID4(3)QIIDS(3)O1106(3)053(18)0A3(18)0VW3(lB)oTITLE(20)O
2511(18)1512(18)0513(18)05!4(18)0521(18)0522(18)0523(18)0524(18)'
3531(18)0332(18)0533(18)0534(18)0541(18).542(18)0543(18)0544(18)0
4551(18)9852(18)0553(18)0554(18)0561(18)0562(18)9563(18)0564(18)9
STII(18)0T12(18)9T13(lB)oTlQ(18)QTZI(IB)OTZZ(IB)QTZS(18)9T24(lB)o
6T31(18)0T32(18)0T33(18)0T34(18)0P11(18)0P12(18)0p13(18)0914(18)0
7P21(18)0P22(18)QPE3(18)0P24(18)1931(18)9P32(18)op33(18)op34(18)
IOAZIB(18)-A228(18)’A23B(18)

COMMON

1 M90X(6)9M25X(6)oMQOB(lB)oMZSB(18)0M90V(IS)OMZSV(IB)0M9O(IB)Q
1M25(18)0MA25(IB)QMAQO(IB)GMBQO(18)0M903(18)0M253(18)0
211B(18)+I2B(18)+13B(18)

CALCULATE THE VARIANCES
35 DO 42 1=1eNMAX

BV(1)=8V(1)/(NRMAX-1)
AVET)=AV (1) /7 (NRMAX~1)
MIOV(1)=MIOVI( 1)/ (NRMAX~1)
M25V(13=M25V(])/ (NRMAX=1)
VWV =VWV L)/ (NRMAX~1)
B3(1)=3%SQRT(BV(1))
A3(I)=34#SQRT(AV(I))
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MOO03( 1)1 =3, #¥SQRT(MIOVI(1})

MZ253( 1) =3 ¥SQART(M25VI 1))

VW3 (1)=3,%#SQRTI(VWV(1))

XI1B(I)= S11(I)Y*ATALB(1) +SI12(1)*¥ATA2B(1) +513(1)*ATA3B(1)

1 +S14(1)Y*ATA4B(1)

XI2B(1) = S21(1)*ATALIB(1) +S522(1)¥ATAZ2B(1) +S23(I1)*ATA3B(1)
1 +524 (1) H#ATA4B (1)

XI3B(1)= S31(1)%ATAIB(1) +S32(I1)*ATA2B(1) +S33(I1)*ATA3B(1)
i . +534 (1) *ATA4B (1)

X14B(1)= S41(1)*ATAIB (1) +S42(1)*ATAZ2B(I) +S43(1)#ATA3B(I)
1 +544 (1) *ATA4B( )

X158(1)= SS1(1)*ATAIB(1) +SS2(]1)*ATAZ2B(1) +S53(1)*ATA3B(I)
1 +SB54(1)Y*¥ATAAB (1)

XI6B(I)= S61(1)I*ATAIB(I) +S62(1)*¥ATAZ2B(1) +S63(1)*ATA3B(I)

1 +S564 (1) *ATA4B(])

DELIB(I)= XIIB(I)*e5229

DEL2B(1)= XI2B(1)1%#¢539

DEL3B(I)= XI3B(1)*¥.5431

DEL4B(1I)= X14B(1)%*46042

DELSB(1)= XISB(]l)*+59

DELEB(I)= X16B(1)*.64

A21B(1)=~YDDB(I)+ T11(I)*ATDIB(I)+TI2(1)*ATD2B(1) +TI13(1)*ATD3BI(1)

1 + T14(1)*ATD4B(])

A22B8(1)=-YDDB(11+ T21 (1) *ATDIB(1)+T22(1)*¥ATD2B(1) +T23(1)*ATD3B(1I1)
1 + T1a4(1)RATD4B(]I)

A23B(1)=-YDDB(1)+ T31(1)XATDIB(I)I+T3I2([)I*ATD2B(1) +TI33(1)I*ATD3IB(I)
1 + T34(1)*ATD4B( 1}

11B(1) ==PHIZ2B(1) +P11 (1) *ATDIB(I}I+P12(1)*ATD2B(1)+P13(1)*ATD3B(1)
1 . +P14 (1) *ATDAB( )

I2B(1) =-PHI2B(I) +P21 (1) *ATDIB(1)Y+P22(1)*ATD2B(I1)Y+P23(1)*ATD3B(1)
1 +P24( 1) ®ATDABI(I)

I3B8(1)= ~PHIZ2B(1) +P31(1)*ATDIB(1)+P32(1)*ATD2B(1)Y+P33(1)*ATD3B(1])
1 +P34( 1)Y*¥ATD4AB(I)

42 CONTINUE
RETURN .
END
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SUBROUTINE READ .

REAL M9OX0M25X0M9080M2550M90V9M25V0M900M250MA250MA909MB900M9030
IM253.11B+ 128,138

COMMON ADSCAL {16) +DASCAL(16) +BX{4)¢DELAX(3)+DELSX(3) +DELEX(3) o
1IB8X(4) ¢ IMIOX(6) ¢ IM2SX(6)+1IDA(3)+IDS(3)41ID6(3)+BBI18)+AB(18)
2YDDB(18) +PHI2B(18) s VWB(18)+ATAIB(18)sATAZB(18)+ATA3B(18)ATA4B(18)
3
4ATD1B(18)+ATD2B(18)+ATD3B(18)+ATD4B(18)+sPHIB(18)+XI1IB(18)+X12B(18)
SeXI3B(18)esX14B(18)+XI5B(18)«¢XIHBI18) DEL.1B(18)+DEL2B(18) +DEL3B(18)
6sDELAB(18)+DELSB(18) +pDELEB(18) _ Bv(18)«
7AV(lB).VWV(IB)oDAC(S).ADC(lé)-B(18).A(18)0YDD(18).PH12(18)0PH1¢18)
B-ATAI(18)0ATA2(18)-ATA3(18)-ATA4(ls)oATDI(18)'ATDE(18)0ATD3(18)0
9ATD4(18)0VW(18)ODEL4(18)ODEL5(lB)ODELG(lB)oIlBX(4)oIIM9OX(6)0
1IIM25X(6).1104(3)o1105(3)9l106(3)-53(18).A3(18)ovw3(le)oTlTLE(ZO)o
2811(18)-512(18)-513(13).514(18).521(18).522(18).523(18).524(18)0
3531(18)0532(18)0533(18)0534(18)0541(18)0542(18)0543(18)9544(18)0
4551(18)~552(18)0553(18)-554(18).561(18).562(18).563(18)0564(18)0
ST11(18)+T12(18)¢T13(18)+T14(18)sT21(18)eT22(18)¢T23(18)¢T24(18)5
6T31(18)0T32<18)oT33(18)-T34(18).P11(18)oP12(18)¢P13(18).P14(18)c
7P21(18)oP22(18).P23(18)oPZd(lB).PBl(18>cP32(18)oP33(18).P34(18)
1:A21B( 1)+ A22B(18)+A23B(18)

COMMON

1 MQOX(6)aM25x(6)0M908(lB)oMZSB(18).MQOV(18).M25V(!8).M90(18)q
IM25(18) +MA25(18) sMASO (18)+MBOO(18) +MO03(18) ¢+M253( 18) »
211B(18)12B(18)+138(18)

1020 FORMAT(8E10.4)
C INPUT A/D AND D/A SCALE FACTORS
READ(541020) ADSCAL
READ(5+ 1020) DASCAL
C INPUT EXCEEDANDE LEVELS

READ(5.1020) BX

READ(54¢1020) M9OX

READ(54+1020) mM2SX

READ(541020) DEL4X

READ(5.1020) DELSX

READ(S5+ 1020) DEL&X

READ(5:1020) mMAZS

READ(5+1020) MA9O
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READ(541020)
READ(541020)
READ(541020)
READ (S5 1020)
READ (55,1020
READ (54 1020)
READ (54 1020)
READ (541020
READ(5+1020)
READ (54 1020)
READ (541020
READ (%54 1020)
READ(541020)
READ(541020)
READ (S 1020)
READ(541020)
READ (54 1020)
READ (541020
READ(5+1020)
READ(54+1020)
READ(541020)
READ(%541020)
READ(541020)
READ (54 1020)
READ (56 1020)
READ(S«1020)
READ(541020)
READ(5+1020)
READ (54 1020)
READ (5. 1020)
READ(541020)
READ (50 1020)
READ(561020)
READ(5+¢1020)
READ(5¢1020)
READ(S, 1020y
READ (545 1020)
READ(541020)

MB9O
S11
s12
$13
Stia
$21
s22
s$23
S24
$31
sa2
$33
S34
s41
s42
S43
Sas
sS51
852
$53
$54
$61
s$62
S63
S64
Tit
T12
T13
Ti4
T21
T22
T23
T24
T31
T32
T33
T34
P11

C-28

LMSC/HREC D149410



READ (54 1020)
READ(S,1020)
READ(5,1020)
READ(5,1020)
READ (5, 1020)
READ (54 1020)
READ(5,41020)
READ (S, 1020)
READ (54 1020)
READ(S+1020)
READ (5, 1020)
RETURN

END

P12
P13
P14
P21
Paz
P23
P24
P31
P32
P33
P34
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